A new route for the synthesis of powder composites suitable for processing with laser additive manufacturing is demonstrated. The powder composites, consisting of micrometer-sized stainless steel powder, homogenously decorated with nano-scaled Y 2 O 3 powder particles, are manufactured by laser processing of colloids and electrostatic deposition. Consolidated by laser metal deposition and selective laser melting, the resulting specimens show superior mechanical properties at elevated temperatures, caused by the nano-sized, homogenously distributed dispersoids.
Introduction
Oxide dispersion steels are a promising structural material class for GenIV nuclear reactors as well as future fusion reactors [1, 2] . This material class is typically composed of a ferritic/martensitic steel matrix, alloyed with high amounts of chromium (9-20%) to exhibit corrosion resistance. The steel matrix is additionally reinforced with nanometer-sized dispersoids, composed of titanium-containing yttrium-based oxides [3, 4] , exhibiting low solubility in the steel matrix offering only low potential for coarsening by Ostwald ripening [5] . The homogeneously distributed dispersoids increase material strength in particular at high temperatures, such as creep resistance [8, 9] . Additionally, they act as sinks for defects, induced by high-energy neutron or ion irradiation, and therefore increase the resistance against macroscopic material degradation, such as swelling [10] [11] [12] .
The main fabrication route for ODS steels is the powder metallurgy route, consisting of a long-term (up to 48h), batchwise mechanical alloying process that uses metal matrix alloy powder and a nanometer-sized yttrium oxide powder [13] [14] [15] . By ball milling in planetary or high-energy attritor type mills powder composites of metal and oxide particles are formed. This process is characterized by the dissolution of oxide particles into the metal powders, since the peak of yttrium oxide in XRD disappears with prolonged milling times [16] . The ball milling process is subsequently followed by various types of consolidation processes, such as hot-isostatic pressing or hot extrusion as well as various thermomechanical treatments in order to adjust the final microstructure of the alloy. The complex and expensive fabrication route for ODS Laser additive manufacturing of oxide dispersion strengthened steels using laser-generated nanoparticle-metal composite powders To test the SLM-processability of the powder composites, further specimens are built by SLM (Fig. 7) . These specimens exhibit porosities of approx. 0.8%. The microstructure is characterized by elongated grains in building direction. The width of these grains is considerably smaller than the grains observed in LMD specimens, which may be caused by the utility of a smaller beam diameter and therefore higher solidification rates. Additionally, no inclination of the growth direction of the grains is visible. However, epitaxial grain growth can be observed. A large number of "spots" indicate the presence of sub-100 nm-sized dispersoids (Fig. 7 right) . These small populations of dispersoids cannot be resolved by the resolution of the used SEM system. Detailed analysis of these areas require transmission electron microscopy but are not within the scope of this study.
Conclusions and Outlook
The feasibility of a novel powder synthesis route, consisting of LPC and subsequent electrophoretic deposition is demonstrated in this study. Powder composites, which are characterized by a homogenous distribution of Y 2 O 3 -nanoparticles on the surface of micrometer-sized stainless steel particles, could be synthesized. The powder composites were successfully processed by the two LAM processes of LMD and SLM, leading to bulk specimens with low porosities and homogenous distribution of nanoscale dispersoids. Compression tests at elevated temperatures demonstrate the superior performance of reinforced material compared to raw stainless steel specimens. Future investigations will focus on the mechanical characterization of the SLM processed material as well as the microstructural characterization by TEM. In order to qualify these materials for industrial application further mechanical tests such as long-term creep tests and evaluation of high energy neutron resistance need to be performed.
